In the northwestern part of Euboea Island and the neighbouring part of the mainland in eastern central Greece, many hot springs exist. We collected and analysed the newly formed material around the hot springs. The samples were studied at the lab with X-Ray Diffraction, Scanning Electron Microscopy (SEM) and Energy Dispersive Spectroscopy (EDS). In all cases the studied materials were thermogenic travertine presenting many different lithotypes. The studied travertine deposits consist mainly of aragonite and calcite, but in some cases, as the main mineral phase, an amorphous hydrous ferric oxyhydroxide, probably ferrihydrite (creating a laminated iron-rich travertine deposit), was identified. The lithotypes that were identified were of great variety (spicular, shrubs, etc 
Introduction
Various researchers [1] [2] [3] [4] [5] [6] have proposed many definitions for the term travertine. Perhaps the most comprehensive and clear definition was proposed by Pentecost [7] , who defined travertine as "a chemically-precipitated continental limestone formed around seepages, springs and along streams and rivers, occasionally in lakes and consisting of calcite or aragonite, of low to moderate intercrystalline porosity and often high mouldic or framework porosity * E-mail: ckanellopoulos@gmail.com within a vadose or occasionally shallow phreatic environment. Precipitation results primarily through the transfer (evasion or invasion) of carbon dioxide from or to a groundwater source leading to calcium carbonate supersaturation, with nucleation/crystal growth occurring upon a submerged surface" and can take many forms.
Travertine deposits exist in many places around the world. The most characteristic and studied travertine deposits are in Italy (Bagni San Filippo, Terme San Giovanni, Tivoli, Guidonia Montecelio etc), USA (Yellowstone National Park), Turkey (Pamukkale), etc. [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] In Greece, there are hot springs in many areas. Magmatic and volcanic processes and active fault systems favour the rise of deep waters that are discharged at the surface as hot springs. From 1985 From -1988 , the Institute of Geological and Mineral Exploration in Greece (IGME) performed the first systematic study on all known Greek hot springs and, along with that, they recorded systematically for the first time all the thermogenic travertines [17] [18] [19] .
At the northwestern part of Euboea Island (e.g. Edipsos and Ilia) and in the neighbouring part of the mainland in eastern central Greece (e.g. Thermopylae), many hot springs exist (Fig. 1) . On the island of Euboea and more specifically, in the Edipsos and Ilia, around the hot springs is depositing thermogenic travertine. In Thermopylae a similar process take place. The Edipsos and Thermopylae are probably the largest active travertine systems in Greece.
Thermogenic travertine deposit near to the hot springs where the hot water cools, degasses and rapidly precipitates calcium carbonate, creating different depositional facies-lithotypes with different crystal forms.
The aim of this paper is to describe the various lithotypes of newly formed travertine deposits in Northern Euboea and Eastern central Greece. Among the studied systems are those of Edipsos and Thermopylae, which are probably the largest active travertine systems of Greece. A further aim of this paper is to study their main mineralogical phases and their variety of crystal morphologies. Through morphological and mineralogical study, indications of possible organic controls on carbonate precipitation can be identified, in addition to the inorganic ones.
Geological setting
The investigated area includes the northwestern part of Euboea island and the neighbouring part of the mainland, in eastern central Greece (Fig. 1) . The studied area belongs geologically to the western part of the Geotectonic Units of the internal zones of Greece, more specifically, the Pelagonian and Sub-Pelagonian zones [20, 21] .
Eastern central Greece and, more specifically, the Sperchios graben, were Thermopylae placed, belong to the so-called "Sub-Pelagonian Geotectonic Unit". The rock basement consists mainly of carbonate rocks (limestones and dolomites) of Middle Triassic-Middle Jurassic age. An ophiolitic thrust sheet that is a relic of the Thetysian oceanic crust is overthrusted onto the carbonates [22] . Since the Neogene, fluvio-deltaic sediments fill the graben with intercalation of marls, clays, sandstones and conglomerates [23] .
In the northern Euboea Island, Paleozoic and Mesozoic sequences were folded together or imbricated as the result of two main tectonic events (Alpine and Eo-Alpine). These sequences belong to the "Pelagonian Geotectonic Unit". The latter is represented by nappes which overthrusted the units of the External Hellenides domain during Late Eocene-Oligocene times. The Pelagonian sequence is made of continental crust elements (basement), syn-rift deposits, carbonate platform sediments as well as that of volcano-sedimentary sequences. The syn-rift deposits are composed of continental detrital sediments and Late Permian shallow water carbonate incursions. The detrital formation is followed by dolomites of Middle Triassic age. The whole area is highly faulted due to extensional tectonics [24] [25] [26] . Vavassis' study [27] has described a great number of linear tectonic features mostly NNE-SSW and NW-SE to E-W strike.
The volcanogenic islands of Lichades are located in the center of the northern Euboea gulf [28] . They are made mainly of trachyandesite lava flows, dated at 0.5 Ma. The nearby Kamena Vourla outcrops (1.7 Ma) also comprise of lavas of trachyandesite composition. The total volume of volcanic products is about 0.1 km 3 [29] . The existence of volcanic rocks is related to the tectonic processes of the area, because they are placed along one of the shear zones [30] . This Plio-Pleistocene volcanic center is located on the western continuation of the North Anatolian Fault, in a back-arc position with respect to the active arc. Innocenti et al. [31] , based on Sr-Nd-Pb isotopic compositions, linked this volcanic center with the large volcanic belt that developed north of the PelagonianAttic-Cycladic-Menderes massifs, encompassing a 35 Ma timespan which is widespread over a large area from NW Greece-Macedonia to the Aegean-western Anatolia.
Materials and Methods
Over thirty samples were studied at the laboratories of the Department of Geology and Geoenvironment, University of Athens.
The samples were studied during the field survey and at the lab with a stereoscope, for macroscopic structures.
The mineralogical composition was investigated mainly by X-Ray Diffraction. XRD analyses were carried out using a Siemens Model 5005 X-ray Diffractometer, Cu Ka radiation at 40 kV, 40 nA, 0.020
• step size and 1.0 s step time. The XRD patterns were evaluated using the EVA v.10.0 program of the Siemens DIFFRACplus and the D5005 software package.
Scanning Electron Microscopy (SEM) and Energy Dispersive Spectroscopy (EDS) analysis were carried out using a Jeol JSM 5600 SEM instrument, equipped with an Oxford ISIS 300 OXFORD, with the following operating conditions: accelerating voltage 20 kV, beam current 0.5 nA, time of measurement 50 sec and beam diameter 1 -2 µm. The spectra were processed using the ZAF program (3 interaction). The microprobe analyses were conducted on polished sections of the samples after carbon coating. SEM images of the structures were taken after gold coating of fragments from the sample.
Location and Macroscopic description of travertine deposits
In the studied area, newly formed thermogenic travertine deposits occur in three different areas: two in Northern Euboea (Edipsos and Ilia) and one in Eastern Central Greece (Thermopylae) (Fig. 1) . In these areas the travertines are thermogenic, created by the local hot springs. In most cases along with the newly formed travertines, we also identified old travertine deposits. By the term old travertines, we mean: all the travertines that have been created in the past; and the precipitation process, which creates the specific form, has ended.
In Thermopylae, extensive deposits of thermogenic travertine occur. Their color varies from white to grey. During the field survey, we discovered newly formed travertine deposits and some old ones, since the hot springs in the area exist from historical times. Works for the construction of a new National highway road as well as other supporting works were carried out in this area and many of these works have destroyed the travertine lithotypes and mixed the old and the new deposits ( Fig. 2A ). For these reasons it was not possible to identify, with certainty, which deposits are recent, with the only exception being that of the travertine deposits which are placed close to the hotspring. Near the vent, newly formed thermogenic travertine deposits were identified which have a relatively high rate of deposition.
In the Edipsos area large deposits of thermogenic travertine occur, presenting great variety of morphological forms and lithotypes.
The most common active morphological forms in Edipsos are spring mounds, cascades and terraces. The spring mounds have fissure walls, which are usually between 10 to 50 mm height surrounding a spring or a drill orifice. The cascades are indefinitely accretionary and occur on precipitous sites where deposition rates are high (Fig. 2B) . Also, many terraces exist. They are pools with small depth and low flow velocity (Fig. 2C) . They are probably the most interesting morphological forms, because inside them many lithotypes were observed (e.g. foam rock, rafts, shrubs).
Their color varies from white-yellow to red, with orange prevailing. During the field survey we discovered old and newly formed travertine deposits. The hot springs in Edipsos exist from historical times and many ancient structures, such as Roman baths, prove it (Fig. 2D) . The deposition rate is high and in this area hot springs are self-settled in a short time with the depositing material and new springs arising nearby. The high rate of deposition creates problems for the exploitation of hot springs for spa therapy, because in a short period of time it results in the clogging of pipes used for the transfer of the hot water (Fig. 2E) . Ilia is located 7 km east of Edipsos. The travertine deposit in Ilia covers a small area (∼2 m 2 ) and it is created at the point where the pipe from the borehole vents out the hot water (Fig. 2F) . At that position a reddish brown dome has been created which consists of newly formed Fe-rich travertine [32] . This travertine has Fe-rich parts, which sometimes appear as metallic zone layers creating botryoid structures.
Results

Temperature and pH of the local hot springs
The temperature and pH values at the vents vary from area to area (Table 1 ). More specifically, in Edipsos the temperature of hot springs ranges from 50.8 to 82
• C and pH from 5.6 to 7.5. Ilia hot spring temperature ranges from 61 to 63
• C and pH from 6.1 to 6.4. In the Thermopylae hot spring the temperature values are clearly lower than Euboea hot springs, ranging from 32.8 to 33.5
• C and the pH from 6 to 6.2.
Mineralogical study and chemical composition of main mineral phases
The main mineral phases identified by XRD analysis are presented in table 2. The two main mineral phases usually are aragonite and calcite, which in many cases coexist.
In the Edipsos samples the predominant phase is aragonite. Its crystals tend to create hexagonal prisms, which at many times appear as radial spheres (Fig. 3A) , while calcite usually creates rhombohedral crystals. We also identified the rare form of Gothic arch bars (Fig. 3A) , which has been first reported by Folk et al. [33] in the Italian hot spring deposits of Rapolano Serre and Bangi di Tivoli.
In the Ilia iron-rich travertine deposit, in addition to calcium carbonate mineral phases, an amorphous hydrous ferric oxyhydroxide phase was identified (Table 2) . XRD analysis was performed on this amorphous material and the XRD pattern presents two broad peaks at about 35
• and 62
• in 2θ (Fig. 4) , which are typical signatures of amorphous ferrihydrite [34, 35] . The Ilia hot spring has significantly higher Fe concentrations (up to 11000 µg/L) compared to all other studied hot springs [32] .
In Thermopylae samples, we only identified calcite as a main mineral phase.
In some samples halite (NaCl) was also identified (Table 2). Usually the halite crystals were found at the rim of open pores or trapped inside the now-closed pores of the travertine (Fig. 3B) .
When studying the samples with a Scanning Electron Microscope (SEM) and through microprobe analysis, some other mineral phases were identified, usually in the form of very small crystals, which are trapped within the pores of the travertine [32] .
The chemical composition of calcium carbonate minerals varies from area to area. The calcium carbonate mineral phases from Thermopylae in addition to Ca, C, and O, contain Mg and/or S ( Table 3 ). The calcium carbonate mineral phases from Edipsos in addition to Ca, C, and O, contain S and/or Si and/or Na and/or Cl and/or Fe (Table 3) . Finally, the calcium carbonate mineral phases from Ilia, in addition to Ca, C, and O, contain Fe and/or As and/or Si and/or S and/or Sr and/or Na and/or Cl (Table 3) . 
Lithotypes of newly formed travertines
In the studied areas, seven main newly formed travertine lithotypes were identified. Some of them are quite common (e.g. crystalline crust), while some others are rare, (e.g. rafts, foam rock, shrubs, lamination). A new lithotype, named framework, was identified.
The main lithotypes are: i) Crystalline crusts ( Fig. 5 ) [9, 37] typically are layers of travertines (up to some cm) that overlap either older travertine deposits or other materials, usually found in Edipsos and Ilia. They reflect rapid precipitation from fast flowing waters, creating botryoid shapes. Crystalline crusts are generally layered and dense. They can be several to tens of centimeters in thickness. Old and dry crystalline crusts are compact and hard, but when they are forming and are underwater they can be easily crushed. Their color can be white (Fig. 5A , 5B), grey (Fig. 5C, 5D ), or reddish, depending on the chemistry of hot water and, more specifically, depending on the iron concentration. In our cases they are composed mostly of aragonite crystals.
ii) Rafts (or calcite ice) (Fig. 6) were found only in Edipsos terracettes. They are thin, semi-transparent, brittle (gray thick line) shows two characteristic broad peaks at around 35
• in 2θ, which are typical signatures of amorphous ferrihydrite [34] [35] [36] and the sharp peaks correspond mostly to aragonite (black arrows).
crystalline layers of calcium carbonate, which precipitate at the water surface usually inside terraces or hot water bodies with low flow velocity. Rafts have been described to be calcitic (central Italy, [33] ), aragonitic (Colorado, U.S.A., [38] ), or bimineralic (Rapolano Terme Italy, [9] ). The rafts from Edipsos are mainly aragonitic in composition having also calcite and halite (Table 2) . They have a generally flat and smooth surface above water and a rough underwater surface. They are composed of a three-layer structure (Fig. 6B) . The upper layer is composed of radiating aragonite needles. These aragonite crystals have fanshaped radiating arrays (Fig. 6B, 6C ). Under this layer, which is over the water-surface, exists a massive layer composed mainly of aragonite spherulites (Fig. 6B, 6C ). Spherulites are usually hollow with diameters of 50 µm. They typically have internal diameters of 5 µm and consist of an external radical crust of needle crystals (Fig. 6D) . A thin layer of tiny subspherical grains occurs between the needle rim and the hollow nucleus. Guo and Riding [37] describe similar spherulite structures in Rapolano Terme, suggesting that in the hollow centers originally organic bodies might have existed. Between the aggregate of spherulites, crystals of calcite are trapped. The third layer, which is under the water surface, is composed of halite. It is a thin layer, 5 µm thick, which develops over the spherulites (Fig. 9E) . Usually the rafts are a few mm thick and they end up breaking and settling to the bottom of the pool due to gravity, when their weight becomes larger than the force of buoyancy. Rafts, also termed "hotwater ice" [12] or "calcitic ice" [13] were first described in hot springs by Weed [39] . Similar lithotypes were found in Mammoth, Yellowstone, U.S.A. [12, 13] , Colorado, U.S.A. (aragonitic rafts) [38] and Rapolano Terme Italy [9] .
iii) Foam type travertines have been deposited at the bottom of terraces (Fig. 7, 8 ). Rapidly precipitated calcium carbonate crystals settled at the surface of underwater gas bubbles and encrusted them, creating hollow spherical accumulations. In some cases these structures are described as calcitic [12, [40] [41] [42] , aragonitic [43] , or bimineralic [44] . The carbonate-encrusted bubbles from Edipsos are aragonitic in composition (Table 2 ). In our cases they usually are creating hollow cylindrical capsules, produced by chains of amalgamated vertically elongated bubbles with diameters up to 0.3 mm and lengths up to 2 mm. Surface tension facilitates chain formation by creating sufficient time for incipient calcification [9] . This implies stagnant conditions in standing water bodies, which exist at terraces. The carbonate encrustation on the bubbles ranges from 600 µm to 1.75 mm in thickness (Fig. 8A) . The bubbles have a rough exterior and generally a smooth interior wall. They are composed of a two-layer structure (Fig. 8C , 8D). The inner layer is composed of stellate clusters of flat-thin aragonite crystals, which are oriented with their flat plane tangential to the inside wall of the carbonateencrusted bubbles. With continued growth, the stellate crystals grew laterally and coalesced into a smooth curved sheet, which comprises the interior wall of the carbonateencrusted bubbles. The outer layer is composed of radiating aragonite needles. These aragonite crystals have fanshaped radiating arrays orientated with their long axes perpendicular to the plane of the stellate clusters, i.e. radially away from the interior wall. Similar lithotypes were described in Rapolano travertines by Chafetz and Folk [42] . Although we did not analyse the gas present within the bubbles, Chafetz et al. [38] and Guo & Riding [9] suggested that they were initially composed of oxygen which was generated as a product of photosynthesis; in cases like at Edipsos, the gas bubbles around which the precipitate formed are on sunlit microbial mats (Fig. 8A) . iv) Shrubs (Fig. 9, 7 ) are very common in the samples from Euboea. Travertine shrubs are short, stubby, dense crystalline masses of calcium carbonate that expand upward by irregular branching [42] . In our cases they are created usually at the bottom of terraces (Fig. 7) . Genetically shrub-like types present considerably different morphologies. Chafetz and Guidry [45] separated them to those whose outline is typical of the common garden-variety woody shrub or bush (bacterial shrubs, [42] ), to those that have regular geometric patterns (crystal shrubs) and to crystalline calcite fans (ray-crystal crusts, [33] ). Usually in Edipsos, the shrubs have regular geometric patterns (crystal shrubs) and create layers (Fig. 7) . These shrubs layers are separated by laminae composed by micritic sized material and in many cases can be distinguished through eye observation. In some cases, the shrubs have an irregular morphology showing no specific crystallographic influence in their morphology. These samples were collected from terraces, which have been observed to grow cyanobacteria and/or algae, so it is possible for them to be bacterial shrubs. v) Lamination (Fig. 10, 7) is a very common lithotype in our samples. The development of this type may be due to inorganic processes, where the release of CO 2 caused supersaturation of the solution and precipitation of CaCO 3 [43, 46] , to biogenic processes [42] , or to multiple abiotic and biotic factors combined. In our cases the laminas can be composed of either aragonite (Edipsos) or calcite (Thermopylae), or can alternate between calcium carbonate minerals and other mineral phase (e.g. iron-rich travertines, Ilia). Usually the laminas can be distinguished through eye observation and consist of yellow-grey and white colored layers or black and white colored layers or orange-brown colored layers, which can reach a maximum of 1 mm thickness. Their magnified view shows fine scale laminae of a few tens of micrometers (Fig. 10D, 10E, 10F ).
vi) Spicular types (Fig. 11) develop near hot springs, usually at the edge of the pathway of hot water. Spicular lithotypes are, in most cases, siliceous [46, 47] . The most characteristic examples of this type were found in Edipsos and Ilia, where the iron concentration of the water is higher than at the other hot springs (Edipsos up to 1200 µg/L, Ilia up to 11000 µg/L, [32] ). At the edge of the pathway of hot water the travertine part, which is usually beneath the surface of the hot water, is iron-rich and develops spicular lithotypes having a red-brown color. The part of the travertine, which is above the hot water, is Carich and presents spicular and (or) botryoid shapes, having a white-yellow color (Fig. 11) . The spiculars range from 0.2 cm to 0.5 cm in thickness and up to 1 cm in length. After detailed study by XRD and SEM it was found that the Ca-rich parts consist of shrubs and, in addition to calcite and aragonite, they sometimes have crystals of halite and gypsum. Fe-rich parts present lamination lithotypes and, in some cases, the laminas can be distinguished through eye observation (Fig. 11D) . These parts consist of extensively flattened rhombohedral crystals of calcite and hexagonal prismatic crystals of aragonite (Fig. 11E ).
vii) Pisoliths (Fig. 12 ). Nearby to a recently self-bunged hot-water drill in Edipsos, a calcitic deposit with pisoliths was found. This specific deposit is brittle with white color pisoliths. The pisoliths are loosely connected with each other and can be easily separated by hand. Their usual size is approximately 5 mm. In some pisoliths, there are, as a nucleus, small fragments of other travertines. In some other pisoliths, no foreign nucleus was found. They are composed of well-developed radiating aragonite needles (Fig. 12B ) and some crystals of halite. Between the aragonite needles sometimes crystals of calcite are trapped. The cement between the pisoliths consists mainly of calcite less aragonite, gypsum and halite.
viii) Framework (Fig. 13) is a new type of newly formed travertine deposit identified in Thermopylae and only to one site, in a channel used by hot water near the hot spring. Framework lithotype consists of randomly positioned and interrelated cylindrical bars. These travertine bars give the image of a hollow stockwork. They look like grey "corrals" and they are hard to break. Their usual size is approximately 0.7 cm in diameter and up to 5 cm length. All of them contain, as a nucleus, pine needles from pine trees standing near the deposition area, indicating high deposition rate. Around each nucleus, zones of calcite develop (Fig. 13C) . The first zone created around the pine needle presents structures similar to those created by a bacterial calcification process (Fig. 13D) . Many times, a nucleus used more than one pine needle or some other times when two bars are too close, they tended to unite. In these cases the diameter of the new bar is subsequently bigger.
Characteristics of active Fe-rich travertine deposit
As it was mentioned before, in Ilia, a newly formed ironrich travertine deposit [32] covers a small area ( Fig. 2A) . It is laminated and creates botryoid structures. Both the iron-rich (reddish brown, metallic color) and carbonaterich parts (light-colored) show a layered appearance and the thickness of the layers reaches a maximum of 1 mm (Fig. 14A-14C) . A magnified view of the iron-rich parts shows fine scale laminae of an iron mineral that alternates with aragonite-rich laminae at intervals of a few tens of micrometers (up to 100 µm). Through Scanning Electron Microscope (SEM) and microprobe analysis, we proved that the altered laminas contain different mineral phases. The Ca-rich regions (lightcolored layers) typically have Ca 32-35%, Fe 1-6%, Si 0.5-1%, As 0-1% (Table 3) , while the Fe-rich regions (reddish brown or metallic colored layers) show a large reduction in Ca and a corresponding increase of Fe, followed by Si and As, with a smaller increase of their concentrations. Specifically, the Fe-rich regions typically have Ca 2-3%, Fe 38-39%, Si 5-7%, and As 2-4% (Table 5 ). Figure 15 illustrates the concentrations of each element in areas that present this phenomenon. Studying these areas, it was proven that the Ca-rich regions in most of the cases consisted of aragonite crystals while the Fe-rich regions consisted of an amorphous hydrous ferric oxyhydroxide mineral phase, probably ferrihydrite (5Fe 2 O 3 9H 2 O). The amorphous hydrous ferric oxyhydroxide mineral phase occurs as spherical particles up to 6 µm in diameter (Fig. 16A ) and the aragonite as radiating aggregation of long and broad needles (Fig. 16B) . Sometimes, inside the laminas, shrubs-like forms can be observed (Fig. 17 ). Takashima and Kano [48] and Takashima et al. [36] found laminated iron-rich travertine with ferrihydrite, at hot springs deposits in the Shionoha region of Southwest Japan. They prove that, responsible for the precipitation of the ferrihydrite, are species of genus Siderooxidans.
Discussion
For this study, newly formed travertines, which were found to precipitate around hot springs in Northern Euboea (Edipsos and Ilia) and Eastern Central Greece (Thermopylae) were collected and analysed. In that material, a large variety of lithotypes and rare mineral forms of aragonite and calcite were identified. Edipsos and Thermopylae are probably the biggest active travertine-forming systems in Greece, while Ilia is a smaller one. Also some of the data recorded during this study suggest possible organic controls on carbonate precipitation in the studied hot springs.
The studied travertine deposits are composed of two calcium carbonate polymorphs (i.e. aragonite and calcite), which, in some cases, coexist (Table 2 ). Aragonite tends to create hexagonal prisms, which many times appear as radial spheres (Fig. 5A ) or fan-shaped radiating needles (Fig. 9B, 9C ), while calcite usually creates rhombohedral crystals. The rare form of Gothic arch bars was also identified (Fig. 5A) .
From the mineralogical study it was found that the predominant phase of the travertines in Euboea was aragonite, while in Thermopylae it was calcite. The exact conditions that favor aragonite precipitation at one time and calcite at another are unclear. Previous studies [7, 14, 25] show that the main factors controlling the precipitation of calcite and aragonite can be: temperature [8, 14, 25, 44, 49] , the Sr content [50, 51] , (Mg/Ca) ratio [25, 52] , pCO 2 [38] , rate of CO 2 degassing [43] and precipitation rate [53, 54] . In our case the temperature in Thermopylae hot springs (predominant phase calcite) ranges from 33 to 40
• C, while the temperature in Euboea hot springs (predominant phase aragonite) ranges from 43 to 82
• C ( Table 1 ). The formation of aragonite from high-temperature waters is not surprising given that aragonite is the CaCO 3 polymorph that commonly forms around springs, where the temperature ranges from 40
• C to 60
• C (8, 14, 25, 43, 44, 49, 55) . Folk [55] observed that if the water temperature is above 40
• C, aragonite would precipitate, regardless of the fluid composition and calcite would form if the water is rich in Ca and cooler than 40 • C. Fouke et al. [14] also showed that if the water temperature is above 44
• C, aragonite forms.
The Sr content in Thermopylae hydrothermal fluid reaches 11900 µg/L and in travertines formed in Thermopylae, this reaches 2160 mg/kg [32] , with the predominant phase as calcite. The Sr content in Euboea is noticeably higher. In Edipsos, the Sr in hydrothermal fluid reaches 17400 µg/L and in travertines formed in Edipsos, it reaches 3960 mg/kg. In Ilia, the hydrothermal fluid reaches 29900 µg/L and, in travertines formed in Ilia, it reaches 4260 mg/kg [32] . In these two areas, which have higher Sr content, the predominant phase is aragonite. Similar cases have been presented by other studies. Ishigami and Suzuki [50] point out a strong positive correlation between Sr content and the proportion of aragonite in Japanese travertines. Malesani and Vannucchi [51] suggest that a high level of Sr in hydrothermal fluid favors the deposition of aragonite.
The travertine deposits developed in hot springs with a high concentration of iron (e.g. Ilia), containing the amorphous hydrous ferric oxyhydroxide mineral phase, probably ferrihydrite (5Fe 2 O 3 9H 2 O, Fig. 6 , Tables 2, 5) , which, along with aragonite, are the main mineral phases. This amorphous hydrous ferric oxyhydroxide mineral phase usually occurs as spherical particles (Fig. 16A) .
The chemical composition of calcium carbonate mineral phases varies from area to area, depending on the chem-ical composition of the hydrothermal fluid. Probably the most characteristic example of this is the newly formed iron-rich thermogenic travertine in Ilia. This travertine deposit is created by the precipitation of the local hot spring water which has high concentration of elements such as Fe up to 11000 µg/L, As up to 84 µg/L, Si up to 69200 µg/L, Sr up to 29900 µg/L, Na up to 7300 mg/L and Cl up to 12700 mg/L [32] . Therefore, respectively, the calcium carbonate mineral phases from Ilia, in addition to Ca, C, and O contain Fe and/or As and/or Si and/or S and/or Sr and/or Na and/or Cl (Table 3 ).
In the studied travertines, except for the calcium carbonate minerals identified, other mineral phases were found to be present, usually in the form of very small crystals, which are trapped within the pores of the travertine deposits [32] . The most characteristic example, in Edipsos, is the existence of halite crystals (Table 2 ) at the rim of open pores or trapped inside the now closed pores of the travertine. The formation of halite can be explained on the basis of the chemical composition of the hydrothermal fluids, which are rich in Na (Edipsos 8400-11150 mg/L) and Cl (Edipsos 13300-21100 mg/L) [32] .
The lithotypes that were found were of great variety, especially in Edipsos. More specifically, in the studied areas, eight main newly formed travertine lithotypes were identified. Some of them are common (i.e. crystalline crust), while some others are rare ones (i.e. rafts, foam types, shrubs, lamination), and a new lithotype was identified which is named framework. So many lithotypes have been recorded to coexist usually in large travertine systems, e.g. Mammoth hot springs, Yellowstone National Park in USA, Rapolano Terme, Italy.
The framework lithotype identified in Thermopylae consists of cylindrical bars randomly positioned and interrelated. All of them contain, as a nucleus, pine needles from the pine trees, which stand near the deposition area, indicative of the high deposition rate. Around each nucleus, zones of calcite develop (Fig. 13C) .
Signs of biological processes were detected both directly (during the sampling growths of cyanobacteria and/or algae in the travertines, which were observed many times) and indirectly (lithotypes and crystal forms), suggesting possible inorganic and organic controls on carbonate precipitation in the studied systems.
Conclusions
The study of the newly formed thermogenic travertine deposits in Northern Euboea (Edipsos and Ilia) and in Eastern Central Greece (Thermopylae) has led to the following conclusions:
1. Around the hot springs of Euboea, which have temperatures of 43 to 82 • C and high Sr content (Edipsos hot springs up to 17400 µg/L, and Ilia hot spring, 29900 µg/L), the predominant phase of the travertines is aragonite. In the hot spring of Thermopylae, which has a lower temperature of 33 to 40
• C and lower Sr content (11900 µg/L), the predominant phase of the travertines is calcite.
The travertine deposits developed in hot springs
with high concentration of iron (e.g. Ilia), containing as their main mineral phase an amorphous hydrous ferric oxyhydroxide mineral, probably ferrihydrite (5Fe 2 O 3 9H 2 O), along with aragonite.
3. The chemical composition of calcium carbonate mineral phases varies from area to area, depending on the chemical compassion of the hydrothermal fluids.
4. Except for the calcium carbonate minerals other mineral phases were identified to be present, usually in the form of very small crystals, which are trapped within the pores of the travertine deposits.
5. In the areas that were studied, eight main newly formed travertine lithotypes were identified (crystalline crusts, rafts, foam types, shrubs, lamination, spicular types, pisoliths, framework).
6. A new lithotype in Thermopylae was identified, which is named framework. It consists of cylindrical bars randomly positioned. All of them contain, as a nucleus, pine needles from the pine trees, which stand near the deposition area, indicative of the high deposition rate.
7. Some of the lithotypes and crystal forms (lamination, shrubs etc), along with field observations (e.g. cyanobacteria and/or algae growths at the bottom of the terraces) suggest possible inorganic and organic controls on carbonate precipitation in the studied systems.
